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(1 AR I IR R 5 TARERE, 8N 350007
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As HEATIIT , 312R Fh RFRE Bk Ko e A KU PEM e AT o S5 (1) =Rkt
1 Co Ni,Cu.As Fr 4R B AL KT AR #E W10, B C>B>A, A EL AR A3 243 156
F]26.31%.19.66% .50.79% 11 16.93% ; (2) i SRFFE H0E BoR , WFFE X3 Co Ni . Cu N HEJE V5 e
RAS, As WD FE R TS e () i 5 Yol R ES )W T AE A KU PEAN I B , A7 5% X35 Co N
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3 0 7R BB ) ARG — R B T R 4 i ¥ e G e (4 RS XU, XN As 15 4%
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KV BARKEFMRFR KGR, BABGRMIEIAERRE S, AESCEN HR AR S RS Y B
PEERC, O EE 4w A i AN /N, I BRSO A LA TR AT

FEF I, AR SCHE IO BT [ SR T07 100 v g ) 866 fa 0l 0 B AR K AR
Moo AR G M D R AR ) S8 T 2 (Cyperus malaccensis) 1 M TR ) Co. Ni,
Cu. AsVUFMEL & JEHITHISE, BIERIT EALK AR NI HTTRR Y v 84 Ja R AR,
R H AR K LA AR 01 G 5 B R AR

R0 AW RFS 4 CiTE S

1.1 ARX 5 R SHR

o MEE L (26°00'36"~26°03'42"N, 119°34'12"~119°40'40"E ) - [&#] YT.7a] 11 [ FH fc K
M —HRHE, XX ECh TP 5 R R E M XU R P DX, KR, AR
TR, AERIRN 19.85 °C, A FHFEKE 1906 mm. fiffa Mg b Y 2R 257
REEMREL A, BESIRME . FEAEA AR TR . WIS (Cyperus compres-
sus) . 735 (Phragmites australis) FIH ALK

ST HARK T AR XNR M TR P 4 25 (B o0 AR R AR A 25 5%, 2545 T V9T 13 e
T M 0] o ] S AR R TR MR, O R R AR PR A RS (1),
SERAEIME AR (ARHT: A, ARIERR: 04F) . ARBELEZ (ARSE: B, A
R : 0~34F) MK ARBEEFL (ARE: C, ARFEMR: 7~114F) =9,
AN N K ST B 4 SR A% s i SRR SRR SR RE RN, SR
27 m, P ESHIVA AL A 5 100 m, A R A TR Y
% 119l°30'E ’ 119°i10'E

—

O
N

26°95’N

A REER
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Fig. 1 Sampling sites in the research area

1.2 KHgIT

SLERT20174E8 H, fEA. B CRAFE SN WIRER AN SR TR AT RR A S o35 —
RFERE (EAEN 10 em, K80 cm) ZMiRAE, R mACRE =AEEMHRE, R
301 REFX EHAREE 3 cm — 2B EEEHG 3 H], B2 0~3 em, 3~6 cm.,
6~9 cm, 9~12 cm, 12~15 cm, 15~18 cm. 18~21 cm, 21~24 cm. 24~27 cm F127~30 cm
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M ERE, 2502 BREREAR S 0 B TR AEFE IR AR, B U U2 F 5% (Spectrum
Technologies Inc, USA). RAESEMUGELIEP Y, AARNTIEHATOREE, fiHE
it 60 Hifi, $ =AEEFERZUIRA ; FHSHITAXNR G SR IEE, it
200 H, e B4R bR 5 2 BT

FRIBOXT R FE20.04 g & TRIWF 4 (PTFE) WAHP, 1A 1.5 mL &R Al
0.5 mLIkASIR 5 % 3F, GEURA PTFEWR)ZMIEHEREN , ZEMAETLL150 Cn# 12 he 1§
PTFE I F ARG B, A 0.25 mL 5808, 76 18 XU R 4719 150 °CHY L Pk 1okt
PTFE AR M. RRAWZET 45 A A)S , 76 PTFE AR A 1 mL HNO, 12 mL /54l
KIGEE, FUCK N IRRCE T FEREN , EMAE LI 150 CRE 12 he BHIZEHRE,
RN A4 2 PTFEJR (50 mL) N, FEBZKREEZ 2 50 mL )5, Ry
SHRA, 130.22 pm PEREAEN . BRI AT
1.3 MEREHELIEF X

BT IR R 75 Ye s o, HEE Co. Niy Cu. AsVUFNE 4 )@Y, R ICP-OES
Mi%E (PerkinElmer Optima 8000, USA). g% J2 P ELEICEREE (C) fip
PIE—EREN (jHn)2) ELEITREE (T) MR AEY:

C.=D xM. (1)

r.=YCxd (2)

K. CHESFETREY (kgm’); THESEME (10 g/m’); DN 20 A E
(g/lem®); MOAAHN B HIERESECE S (gke); dNFEIZNEE (cm); n 1R
A EIEE (2,

fdi 1 Origin 8 FRA4XF AN [R) R 1 2 43 J 5 e i i B B AT S HAE T, (i SPSS 17.0
AR R B SRR BT T Pearson il Spearman A G4 HT o
14 E€EEAITME

Skt G PR — P iR B R T, SR L SRR AR RN A A A UG A XA T IX
WP URRY) B 4 R I T LR B TN .
1.4.1 i RFBUEEE

M BRI RO R — A R NS Y R I R SN R, XU
4B T Y ) BRSOV A TN R R, HA R AR

I.,=log,[C,/(K*B,)] (3)

K. Lo BRIREG CRHEIRY T E -ES BN & (mgkg); KNKIE
B8, 1ENREARRIE R a2 R0 BT S 2R, —BI1.S; B RTIRA T
HMESE TR BRI R (mgke), ARSCRAHE S DI E 4 8 A5 s EHAE
FBM, AR IR YIRS E i REE BSOS YRR R AR 2 BN

®1 EEABETNRYMESREE=E
Tablel Background values of sediment heavy metals in the coastal zone of Fujian province
HaE AR WE/(mgke) FE/(mgke) | AR BEABUA EH(mgkg)  TFHE/(mgke)
Co 123 1.36~91.48 7.41 Cu 123 6.50~99.10 21.60
Ni 123 2.30~223.40 13.50 As 123 0.42~35.90 5.78
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®2 NMRMESEMRFIERMSREENTR

Table 2 Geo-accumulation index of heavy metals and their grades in sediments

Lo I VG YRR Lo b by
L..<0 0 FREE S 3<l,.,<4 4 I Y
0<I,.<1 1 Tolg Y~ 5 g 4<I,,,<5 5 TR VG YA BT Y
1102 2 R Y L.=5 6 EIREES
2<1,.,<3 3 Fp RS e~ TG gl

1.4.2 SRS e H0E
Fir #1272 Hakanson 4 H OV TE A= 25 KU 48 80, R A e M 25 2R 5 IX 375 55
Fes, THPRXIE SRR, HAK .
M=ZEZKX8 (4)
Krf: REWAESNEIEEG E M —2 R EAESKEHE T T ARESRAEY S
PERE (RSCRAM T E RS RETMEAE, R3); COAEIMESEE (mg/ke) ;
CINIETE 2 2%H (mg/kg) . VIR L 8RS K b WLk 4.

®3 NRYPIRESENENSERY

Table 3 Toxicity coefficient of different heavy metals in sediments (mg/kg)
JLE Co Ni Cu As
T; 5 5 5 10

R4 EERBEESREESR

Table 4 Potential ecological risk assessment of heavy metals

TS ARG B i W Gi AR5 ik
AR T E! E' <40 40< E' <80 80< E' <160 160< E' <320 E'=320
M SIS BRI RI<150 150<RI<300 300<RI<600 RI=600 —

2 SR

2.1 ERRENEIREREHNEREHE
RS NHAARF AR P RER ORBRAE, RS BEE EAEKFARGE, B

Ty LA b A 8 4 £5 ERKENBTE R ERSE

jJD s El] C>B>A; gi %*ﬁ Hﬁ % E ﬁ i Table 5 Vegetation characteristics of the community for different

TR, T C<B< A; HH k& Spartina alterniflora invasion periods

ARV TG R S M A F bR e HH ] 4

R = s 70 E0 e =% /m /(g/m’) /(¥ /m?) IKIE /%

ZLZ E?E*E)\{lﬂﬁ'n*"%ﬂw?ﬁ A 045 3.99%10° 130£11 44.1143.65

*/TE"]H#E&%*E . B 1.00 13.45x10° 121£10 43.88+8.37
AR AR PIREL 5 24.42x10° 11648 44.98+3.75

a2 oA WWE 2, mE 20
Al SR EAOR T ARE MR RN B>C>A, NRZFKZEM FTHESE; pH
HRI N ASB>C, R H Iy L AL HAERI N ASB>C, RIZHKZLIEA
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a 1, 5%/(mS/cm) b pH
6.0 04 08 12 16 20 24 06~0 6.3 6.6 6.9 7.2 7.5
54 -5
g —a— A s = A
S -10 ——B o -10 ——B
i ——C i —a—=C
X -15 XK -15
® B
+H 201 +H -20
254 -25
~304 =30
o FH/(g/em’) d A2/ Y%
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—o— Hliki
. 1 o L
—=—A —a— kL
§ 104 —~B §-10- R
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= = kL
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Fig. 2 Vertical distribution of physicochemical properties for different Spartina alterniflora invasion periods
B, SARATHEL, ARERHEZTORDREL . Bk L BIREAC, BhkL L 3G i .
BlAE ALK AR, = AREE SR DT S . SRS A By ) S 3 T
23 BERKXENEBEERMRYEEESEEENT

K3 AR S DU E &R & w0 H AR R, ) AR RIS B, AR
B4R & B2 g R LN As>Cu>Ni>Co,, A MBI H Co. Ni, Cu. AsPl
P 428 & AR HALK B R W, R C>B>A, HHOCHISRERI, bR T A A
H AR KAL) A SRVE IS, T4 R Cu FEOR A F Tk 5 /KHEB AR IAASHE . A
B ARG, CofllAs FER A F Tolk el A /=i sh, NiEZRA T T ER
HEVT TG YLl i £ N b b A ] YT AR PN BE Ui, T R A P B T 7K R I it FH )
LA KNI RHEA , KB 155032 ALK AR R PSS AR R k55, 4R I15 ki
L T ST (1 4 28T R N 73 S el R R P RL 7/ R 4 e L M R o £ B 9 o/ L T
WA, BACKRAGZEICT G, 4 JE i a H A TR AR 25 Ve FH AR [ml 2 TR v

] T 11 e £ Y0 b 7 4 e Ay B A W) A 2= A8 AR AR OGP E i L3R 6., iR 6 1]
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Fig. 3 Vertical distribution of sediment heavy metals for different Spartina alterniflora invasion periods

M, SEARMETHD Co. Niv CuHMAHSG, HAHSGHERZE, Cu. As5E8K. A, KA
L. pH. ZFEAAHCH: 2, X SR BATTRR M i Ak 0T 2 i s 00 Y08 b 0 R A v ) B
SR, FHICHFSEERM, I E TR RS L Y BCA ML RE RS L kIR R . Ak
WA I, FIEHE R AR E SR, Hrh Cu BABSRIAGHRES), fEmpHE N A
PLETH PR, Rl TAILR S &R 7456 BRSNS 3R I B A K B AR L T 2T
BEMAE Y Has 5 R B BE ), Be A U I & Jm AR RN DR . A SCUTBRY h i 4
J&Co. Cu. As 5EBRAHDCH: R, RUIAE D IX =MEIE S 56 U A 261 1P,
P AR I L AE K B [ BE A BT Co. Cu. AsTEIRHL 2R, NiS5AK ., BA . REA
FERARDCHEAN T, SN R A A2 i HA T RS A A R o BEAh, Co. As HHL R[]
MREATE, WMESENSE SR CEA LS. )5, #id Spearman #5457
Br, A Co. Ni, Cu. As5Hh [ AEY i A I B AHOC, 0AH B4R K B AR i X b
DU 4 Jm SR EAA B B E ™

MR T, SEEREFFIRYES BT SEML, 5K Co. NiflCu it
FEDXTE A, T As & i WEaE & Ty s X 0], SREE 20 24RO XIRAs BERE ., 5H



1244 H % % | 2% i 35%:

*o6 MERXFESESWIEEMLFIERHEXED T

Table 6 Correlation analysis for sediment heavy metals and other physical biochemistry characteristics in the research area

AHSCHE A ik Bzt Co Ni Cu As
Pearson #¢ Co 1
Ni 0.697" 1
Cu 0.539" 0.726™ 1
As 0.334 0.451" 0.710" 1
pErd 0.394" 0.308 0.663" 0.479"
B 0.311 0.228 0.628" 0.503"
AL ~0.244 -0.207 -0.550" -0.434"
i 0.338 0.500" 0.438" 0.166
pH -0.461" -0.775" -0.678" -0.401"
Fauy -0.585" -0.619" -0.936" -0.692"
kLI A 0.444 0.328 0.155 0.168
WyRLLL A 0.343 0.040 -0.164 0.070
Bk LA -0.428 -0.163 0.045 -0.126
Spearman AH X * i LA 1.000” 1.000™ 1.000” 1.000”

e L TAMIERIR P<0.05. P<0.01; a g FAEWRNAHOCHA . B, C = ASREESDUF &R TI9E, FEARA
i & Pearson AHIGA M 4518, E1T spearman 2347 o

®7T ARKBSHMEURBEESERIEMHLER

Table 7 Comparison of heavy metal concentration between the research area in this paper

and other similar research areas (mg/kg)
5T X Co Ni Cu As SCHR A
il £ 4 20.56~30.28 35.69~44.17 18.06~41.25 156.53~196.94 A3
MR R U T 4 R T B 1.36~91.48 2.3~223.4 6.5~99.1 0.42~35.9 [16]
VLINUNAR HAR KRR VA b — 3.74 6.66 6.68 [24]
BT 5 A 9.7~16.1 24.51~40.85 16.85~33.87 — [25]
IR — — 2.8~370 1.1~27.2 [26]
13k T R VR — 87.67 111.18 75.1 [27]
SURT N R E-N(ERTS ] — — 24.29 12.23 [28]
P EERCINTRATAL 24.6~56.5 34.5~64.7 57.3~650 754~4948 [29]
TR 2 JE T 12T AR 0.2~23 0.66~48 1.0~206 0.52~35 [30]
B R O — — 14.9~67.2 6.9~31.0 [31]
Wi R A A P it — 5.18~11.37 8.86~15.51 — [32]
EVRE DL 22 LR WA 15 — 15.1~138.4 105~1147.8 — [33]
NIRRT S AT [m B 46~196.7 — 51.8~189 — [34]

T Rh =" FoRSCR P B S AR B
AP AU IAR L, BFSE IXH Co . Ni I Cu & AL TAR Y S g IR KT, T As &
I IR IB BT AR A {5 YRR, (B e T AT 1 X, As EEAFARAR 25
AUGH, VLW RR RS, WX As 75 i i Y 2R A
24 BERRENEEZETANESEHEEENSH

WRAEH AR EAR SR P IR E SR iH e (K4) wlg, HAEKE AR
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B
2.5 @RI E L E K IEH
2.5.1 b RBIEEOEr

SR HH b B2 AR B0 XIS X S o TR vh B 4 SR A TR, AR INER 9 PR
CofEA. BW BRI Y, 76CRRMN TP AT NiTE ARSI RN
BETGY; CufE ARTETSY, 7EB. CPARIILRETS Y, AsTE A RFE S5 et
FEYS SR TS Ye o TS Yt U . E O ER b DU e REE R, WE B L FE LR
H As>Co>Ni>Cu, MAEFHFERFE RN K C>B>A,

9 MRREBABRYELEHRRIBEIEMER

Table 9 Geo-accumulation index of sediment heavy metals in the research area

L Co Ni Cu As
AFER " " " -
Lo G Leeo E/E3 L. &7 Lo E/E3
A 0.961 1 0.881 1 -0.627 0 4.234 5
0.986 1 0.899 1 0.174 1 4.260 5
C 1.001 2 0.998 1 0.884 1 4.420 5

2.5.2 WA SR TES

F 9 X IR U Y) b B 4 8 I TR AR S RO 25 R LR 10, 5 E R i
TR E SR S (1),

{11 YV b 4 TR VR A S XU PR A As>Co>Ni>Cu, 1117 B PR3 43 JR VB 7 A= 25 XL
B RECRIN C>B>A, Hif, Co. Ni. Cull¥fEA RS R BUNT 40, e S
B, AsTEA. B s e AR S KBS R AR5 s 1 7E C ASEAT 320, 5648 i, 276
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Table 10 Potential ecological risk index of sediment heavy metals in the research area
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Co Ni Cu As
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Heavy metal accumulation affected by Spartina alterniflora
invasion in estuarine wetland sediments

XIE Rong-rong"?, WU Ru-lin', TANG Chen', LAI Yue-ting', GONG Kai-sheng', LI Jia-bing'*
(1. College of Environmental Science and Engineering, Fujian Normal University, Fuzhou 350007, China;
2. Key Laboratory of Pollution Control and Resource Recycling of Fujian Province,
Fujian Normal University, Fuzhou 350007, China)

Abstract: In this paper, three sampling sites, namely a non-invaded Cyperus malaccensis
wetland (A), a Spartina alterniflora- invaded patch edge (B) and a Spartina alterniflora-
invaded wetland (C) were selected to examine the effects of Spartina alterniflora invasion on
heavy metal accumulation in estuarine wetland sediments. Sediment Cobalt (Co), Nickel (Ni),
Copper (Cu) and Arsenic (As) at 10 different depths were analyzed and then evaluated using
geo-accumulation indexes and potential ecological risks evaluation methodology. The results
suggested that: (1) Co, Ni, Cu and As in sediments increased with the invasive time of Spartina
alterniflora (i.e. C>B>A), and the retention of Co, Ni, Cu and As increased by 26.31%,
19.66%, 50.79% and 16.93%, respectively. (2) According to the geo-accumulation indexes, Co,
Ni and Cu in the research area were slightly polluted and As experienced a transitional period
from strongly polluted to extremely polluted. (3) The potential ecological risks of Co, Ni and
Cu were low, however As at sites A and B was in high potential ecological risk and that at site
C was in very high risk. The results of both methods showed that Spartina alterniflora invasion
increased heavy metal pollution and potential ecological risks. And more attention should be
given to the As pollution in the research area. Finally, the heavy metals in sediments were
significantly correlated with total carbon, total nitrogen, C/N, bulk density and aboveground
biomass, which indicated that the accumulation of heavy metals might be related to the
developed biomass aboveground and the dense root structure underground of Spartina
alterniflora.
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